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Abstract 

In  general,  during  the  lifecycle  of  a  weapon  system,  a  significantly  larger  amount  of 
money  gets  spent  on  operating  and  maintaining  the  system  than  on  acquiring  it.  Hence, 
efficient  logistics  systems,  including  transportation,  inventory  management,  modifications  and 
maintenance  activities,  are  critically  important  for  containing  the  lifecycle  costs  of  weapon 
systems  and  for  maintaining  the  highest  level  of  military  readiness  given  the  extant  fiscal 
constraints.  This  paper  describes  Lean  Six  Sigma  (LSS),  a  strategically  important  and  proven 
logistics  initiative  for  both  reduced  lifecycle  costs  and  improved  readiness. 

With  aging  weapon  systems,  the  US  Department  of  Defense  is  facing  ever-increasing 
military  expenses  to  maintain  military  readiness.  Hence,  the  Department  of  Defense  is  keenly 
interested  in  implementing  Lean  Six  Sigma  in  all  the  services.  We  begin  this  paper  by  providing 
an  overview  of  military  logistics  and  discussing  the  critical  concepts  of  readiness  and  cycle-time. 
Thereafter,  we  present  an  overview  of  Lean  Six  Sigma  methodologies — including  Lean 
production  and  Six  Sigma,  and  describe  the  experience  in  implementing  Lean  Six  Sigma  in  the 
Army,  Navy  and  Air  force.  The  paper  ends  with  a  discussion  of  the  managerial  guidelines  for 
successfully  implementing  Lean  Six  Sigma. 

Keywords:  Lean  Six  Sigma,  Lean  Production,  Six  Sigma,  Military  Logistics,  Readiness, 
Lifecycle  Costs 

Introduction 

Three  essential  factors  to  maintaining  strong  military  power  and  readiness  are  well- 
trained  troops/  well-educated  officers,  reliable  high-tech  weapon  systems,  and  well-designed 
logistics  systems  to  support  troops  and  improve  the  readiness  of  the  weapon  systems.  In 
purchasing  weapon  systems,  program  managers  widely  use  acquisition  costs  as  the  primary, 
and  at  times  the  only,  criteria  for  decision-making.  However,  in  general,  during  the  lifecycle  of  a 
weapon  system,  a  significantly  larger  amount  of  money  gets  spent  on  operating  and  maintaining 
the  system  than  on  acquiring  it.  Hence,  efficient  logistics  systems — including  transportation, 
inventory  management,  modifications  and  maintenance  activities — are  critically  important  for 
containing  the  lifecycle  costs  (LCC)  of  weapon  systems  and  for  maintaining  the  highest  level  of 
military  readiness  given  the  extant  fiscal  constraints.  This  paper  will  describe  Lean  Six  Sigma 
(LSS),  a  strategically  important  and  proven  logistics  initiative  for  both  reduced  lifecycle  costs 
and  improved  readiness. 

Two  major  components  of  LCC  are  Acquisition  costs  and  Operations  and  Maintenance 
(O&M)  costs.  Acquisition  costs  include  such  items  as  research,  development,  test  and 
evaluation,  program  management,  engineering  design,  initial  spare  parts,  manufacturing  and 
production,  facilities  and  construction,  and  initial  training.  O&M  costs,  on  the  other  hand, 
include  such  cost  categories  as  labor,  materials,  and  overhead,  operations,  scheduled  and 
unscheduled  maintenance,  training,  replacement  and  renewal,  transportation, 
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system/equipment  modification,  technical  data  collection,  documentation  and  database 
management,  energy  and  facility  usage,  and  disposal  costs.  Without  question,  the  logistics 
systems  have  a  great  deal  of  influence  on  the  size  of  O&M  costs. 

It  is  difficult  to  generalize  the  percentage  of  money  spent  on  operations  and 
maintenance  of  a  typical  weapon  system.  Some  literature  points  out  that  the  O&M  costs 
contribute  to  60%  of  the  total  lifecycle  cost  on  average  (DAU,  2006),  while  other  sources 
estimate  these  costs  to  be  as  high  as  80%  of  the  total  (Cost  Analysis  Improvement  Group, 
1992).  In  any  event,  with  the  Service  Extension  Program  (SEP)  that  many  weapon  systems  are 
experiencing  these  days,  the  percentage  of  the  total  lifecycle  cost  spent  on  O&M  is  simply 
becoming  larger.  Most  weapon  systems  were  originally  designed  for  a  lifecycle  of  20+  years, 
but  some  have  been  stretched  to  last  as  long  as  50  years.  In  the  case  of  B-52  aircraft,  for 
example,  the  lifecycle  is  expected  to  extend  to  80  years,  in  which  case  the  O&M  costs  expect  to 
form  as  much  as  90%  of  its  lifecycle  cost  (Parker,  1999). 

With  aging  weapon  systems,  the  US  Department  of  Defense  (DoD)  is  facing  ever- 
increasing  O&M  costs.  The  DoD  is,  therefore,  keenly  interested  in  applying  Lean  Six  Sigma 
methodologies  to  cut  down  O&M  costs.  Experiences  of  the  private  sector  in  implementing  Lean 
Six  Sigma  illustrate  that  the  methodology  is  as  effective  in  improving  business  processes  as  it  is 
in  improving  the  manufacturing  processes.  Thus,  successful  implementation  of  LSS 
methodologies  would  also  reduce  acquisition  costs  by  improving  acquisition  and  contracting 
processes.  Hence,  in  this  paper  we  will  discuss  Lean  Six  Sigma  and  its  application  in  the 
military.  This  paper  is  organized  as  follows:  in  Section  2,  we  provide  an  overview  of  military 
logistics  and  discuss  the  critical  concepts  of  readiness  and  cycle-time.  In  Section  3,  we 
describe  background  material  for  LSS  methodologies.  Section  4  includes  examples  of  LSS 
implementation  in  the  US  Army,  the  US  Navy  and  the  US  Air  Force.  In  Section  5,  we  conclude 
the  paper  by  presenting  managerial  guidelines  and  by  discussing  the  challenges  present  in 
implementing  LSS  in  the  military. 


Military  Logistics 


Military  Logistics  support  deals  with  everything  required  to  provide  warfighters  with  the 
right  stuff  at  the  right  time  at  the  right  place  at  the  right  cost.  The  goal  of  military  logistics  support 
is  to  maintain  the  highest  possible  level  of  readiness,  commonly  expressed  as  operational 

MTBM  uptime 


availability:  Ao  = 


where  MTBM  is  the  mean  time 


MTMB  +  MDT  uptime  +  downtime 

between  maintenance,  and  MDT  is  the  maintenance  down  time — which  includes  repair  time  and 
administrative  and  logistics  delay  times.  Intuitively,  operational  availability  is  the  fraction  of  time 
a  weapon  system  is  operational  or  mission  capable.  Clearly,  operational  availability  can  be 
improved  by  increasing  MTBM  (i.e.,  increasing  reliability)  and/or  decreasing  MDT  (i.e. ,  reducing 
repair  or  cycle-time).  Thus,  the  two  key  issues  to  improve  weapon  systems  readiness  are 
reliability  improvement  and  cycle-time  reduction. 


From  Little's  Law  (Little,  1961),  reducing  repair  or  cycle-time  reduces  pipeline  inventory 
directly,  and  leads  to  significant  savings  in  inventory  costs.  The  relationship  between  repair  or 
cycle-time  and  inventory  levels  is  critically  important  (yet,  troublesome)  in  the  military  because  it 
crosses  physical,  organizational,  and  financial  barriers.  Inventory  managers  strive  to 
consolidate  and  minimize  stocks  of  piece-parts  to  free-up  resources  for  other  priorities.  They 
also  seek  to  get  quick  turnaround  on  repairable  components  in  order  to  minimize  pipeline 
inventory.  However,  stockout  of  spare  parts  or  consumable  components  results  in  delays  in 
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repair  processes  and,  eventually,  serious  readiness  degradation.  Cycle-time  reduction  in  a 
military  logistics  channel  (repair  depots,  intermediate-level  maintenance,  inventory  control 
points,  and  supply  centers)  also  means  that  more  weapon  systems  are  available  in  the  field  or 
fleet.  On  the  other  hand,  increased  cycle-time  causes  a  vicious  cycle  of  deteriorating  military 
readiness.  For  instance,  poor  logistics  support  (e.g.,  lack  of  spare  parts,  personnel,  and/or 
training)  increases  the  cycle-time,  which  in  turn  decreases  readiness,  Ao.  Therefore,  the 
warfighters  are  forced  to  satisfy  mission  requirements  with  a  fewer  number  of  mission-capable 
weapon  systems,  resulting  in  stress  on  those  fewer  mission-capable  systems.  Due  to  this 
stress,  more  system  failures  occur,  which  in  turn  generate  more  workload  at  repair  facilities. 
Thus,  the  repair  turnaround  time  can  become  even  longer.  And  the  vicious  cycle  can  go  on. 

The  following  simple  example  explains  the  importance  of  cycle-time  reduction  in  military 
logistics.  Suppose  that  the  US  Navy  has  800  F/A-18  Hornet  aircraft,  each  of  which  costs  $50 
million,  and  that  the  Standard  Depot  Level  Maintenance  (SDLM)  is  done  every  4  years.  If  the 
MDT  is  one  year,  the  readiness,  Ao,  will  be  4/(4+1)  =  0.8.  Thus,  only  80%  of  800,  or  640, 
aircraft  will  be  mission-capable  on  average  since  an  aircraft  would  be  available  for  mission  for 
four  years  (and  at  the  depot  for  one  year)  out  of  every  five  years.  This  also  means  160  aircraft 
will  be  non-mission  capable  at  any  given  time.  If  the  MDT  can  be  reduced  to  6  months,  Ao  will 
be  0.889;  or,  only  89  instead  of  160  aircraft  will  be  at  the  depot  for  maintenance  at  any  given 
time.  It  is  equivalent  of  having  71  additional  aircraft  (worth  more  than  $3.5  billion)  in  the  fleet. 

On  the  other  hand,  if  having  640  mission-capable  aircraft  available  is  adequate,  it  would  mean 
reducing  the  fleet  size  by  80  aircraft  and  freeing  up  $4  billion  expenditure  for  other  purposes. 
See  Kang,  Gue  and  Eaton  (1998)  for  a  cycle-time  reduction  case  study  at  a  Navy  depot. 

The  Department  of  Defense  and  its  services  have  many  on-going  initiatives  to  cut  down 
maintenance  cycle-time  to  improve  military  readiness.  The  Navy  has  been  working  on  the  Sea 
Based  Logistics  to  cut  down  distribution  time  by  supporting  “customers”  on  shore  directly  from 
the  sea  by  eliminating  “Iron  Mountains”  (middlemen)  in  the  supply-chain  management  context. 
Likewise,  since  1995,  the  US  Army  has  implemented  Velocity  Management  (Dumond  et  al., 
2001)  which  focuses  on  improving  the  speed  and  accuracy  with  which  materials  and  information 
flow  from  factories  to  fox  holes.  The  US  Air  Force  has  implemented  Agile  Logistics,  and  the  US 
Marine  Corps,  Precision  Logistics  for  cycle-time  reduction. 

More  recently,  all  branches  of  the  US  military,  Army,  Navy  and  the  Air  Force,  are  actively 
applying  Lean  Six  Sigma  methodology  to  their  various  activities  to  reduce  cycle-time  and  to 
reduce  maintenance  expenses.  We  will  describe  the  details  of  current  initiatives  of  Lean  Six 
Sigma  in  the  military  services  in  Section  4. 

Levels  of  Maintenance 

We  can  use  the  US  Navy’s  aviation  maintenance  system  to  understand  how  military 
maintenance  logistics  are  typically  conducted.  The  Naval  Aviation  Maintenance  Program 
divides  maintenance  into  three  levels:  organizational  level  (O-level),  intermediate  level  (l-level), 
and  depot  level  (D-level),  which  are  similar  in  structure  to  multi-echelon  logistics  support 
systems  of  commercial  firms  (e.g.,  Blanchard,  2004)  or  other  services.  To  achieve  economies 
of  scale  in  maintenance  equipment  and  personnel,  levels  of  maintenance  are  made 
progressively  more  capable,  with  D-level  being  the  most  capable.  However,  the  longer 
turnaround  time  at  D-level  also  increases  the  work-in-process  and  requires  more  spare  parts  to 
maintain  the  desired  readiness  level. 

O-level  maintenance  is  performed  at  the  site  and  typically  involves  simple  repairs  or  the 
replacement  of  modular  components,  l-level  maintenance  involves  more  difficult  repairs  and 
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maintenance,  including  the  repair  and  testing  of  modules  that  have  failed  at  the  O-level.  l-level 
maintenance  for  Navy  aircraft  is  done  at  Aircraft  Intermediate  Maintenance  Departments 
(AlMDs)  ashore  in  naval  air  stations  or  afloat  in  aircraft  carriers.  D-level  maintenance  activities, 
called  Naval  Aviation  Depots  (NADEPs),  ensure  the  continued  flight  integrity  and  safety  of 
airframes  and  related  flight  systems  throughout  their  service  lives.  This  involves  performing 
maintenance  beyond  the  capabilities  of  the  lower  levels,  usually  on  equipment  requiring  major 
overhaul  or  rebuilding  of  end-items,  subassemblies,  and  parts.  The  Navy  operates  three 
NADEPs  in  the  US  (North  Island,  CA;  Cherry  Point,  NC;  and  Jacksonville,  FL)  and  fleet  repair 
facility  sites  in  Italy  and  Japan. 

The  repair  cycle  begins  when  an  unserviceable  repairable  is  turned  for  maintenance, 
and  it  ends  when  the  item  is  recorded  on  the  inventory  control  point  records  as  being  ready-for- 
issue  (RFI).  Repair  cycle-time  includes  shipping  and  processing  time,  accumulation  time,  repair 
time,  time  awaiting  parts,  and  delivery  time.  Unserviceable  items  may  remain  in  storage  for 
extended  times  for  various  reasons. 

Readiness  and  Inventory  Management 

Aviation  readiness  is  measured  by  computing  fully  mission-capable  (FMC)  rates.  The 
FMC  rate  indicates  the  operational  availability  of  the  aircraft  in  a  unit — that  is,  the  fraction  of 
aircraft  that  are  mission  capable  at  any  arbitrary  time.  When  aircraft  are  partially  mission 
capable  or  not  mission  capable,  it  is  because  of  either  maintenance  or  supply  problems. 

Aviation  items,  especially  repairables,  are  very  expensive  to  maintain.  For  example, 
each  aircraft  carrier  carries  onboard  an  Aviation  Consolidated  Allowance  List  (AVCAL) 
consisting  of  consumable  and  repairable  items  and  subassemblies  required  to  support  the  Air 
Wing  for  90  days  of  wartime  operations.  A  typical  AVCAL  consists  of  tens  of  millions  of  line 
items  valued  at  hundreds  of  millions  of  dollars.  Repairable  items  represent  only  1 0%  of  the  total 
line  items,  but  90%  of  the  total  value  of  the  AVCAL  (USS  Independence  Shipboard  Uniform 
Automatic  Data  Processing  System  Report  008,  1991,  July  26). 

Material  readiness  demands  spare  parts,  but  fiscal  constraints  have  put  pressure  on  the 
Navy  to  reduce  inventory  levels  at  AlMDs  and  stock  points.  The  two-part  solution  is  easier  said 
than  done:  select  a  “better”  mix  of  spares  and  reduce  repair  cycle-time.  Both  tend  to  improve 
readiness  for  a  given  cost  or  achieve  the  same  readiness  for  lower  cost. 

The  relationship  between  spares/inventory  levels  and  cycle-time  is  a  key  to 
understanding  how  to  achieve  higher  readiness  at  lower  cost.  Kang  (1993)  shows  the 
diminishing  marginal  utility  of  spare  parts,  implying  that  additional  spare  parts  beyond  a  certain 
threshold  level  will  not  improve  readiness.  Those  additional  spare  parts,  once  they  are  turned  in 
after  failure,  will  simply  increase  the  work-in-process  or  inventory  at  repair  facilities.  Spares 
levels  and  repair  cycle-time  must  be  considered  together  when  attempting  to  improve  material 
readiness  (see  Kang  &  Gue,  1997). 

During  the  past  30  years,  the  military  has  been  implementing  spares  methodologies 
based  on  the  readiness-based  METRIC  models  such  as  those  described  in  Sherbrooke  (1992). 
Rather  than  the  traditional  approach  to  inventory  problems  that  minimize  holding  and  ordering 
costs  for  individual  items  subject  to  a  service  level,  readiness-based  models  seek  to  maximize 
Ao  for  multiple  items  directly  and  simultaneously,  subject  to  a  budget  constraint.  It  is  possible  to 
measure  Ao  for  a  specific  component,  such  as  an  aircraft  engine,  as  opposed  to  measuring  Ao 
for  the  aircraft  itself.  An  improvement  in  Ao  for  the  engine  will  provide  some  marginal 
improvement  in  Ao  for  the  aircraft.  But  this  improvement  will  not  be  one-to-one:  large 
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improvements  in  engine  availability  may  yield  only  trivial  improvements  in  aircraft  availability, 
depending  not  only  on  the  failure  rate  of  the  engines,  but  on  the  performance  and  availability  of 
all  the  other  critical  components  of  the  aircraft.  The  readiness-based  models  are  important  to 
military  systems  because  they  treat  all  of  the  critical  components  in  a  weapon  system  together 
in  order  to  achieve  the  singular  objective  of  maximizing  the  Ao  of  the  weapon  system. 
Implementation  of  these  models  requires  detailed,  accurate  information  about  the  reliability  of 
components,  but  the  rewards  have  been  worth  the  effort  in  many  systems.  For  example, 
Sherbrooke  (1992)  reports  inventory  investment  being  cut  nearly  in  half,  with  no  degradation  in 
readiness,  during  a  test  for  the  Air  Force.  Hale  (1994)  also  shows  significant  inventory  savings 
in  the  Navy  after  implementing  readiness-based  models. 

Lean  Six  Sigma 

Penchant  for  process  improvement  is  inherent  in  human  nature;  even  our  distant 
ancestors  discovered  a  better  way  to  start  fire,  make  arrowheads  and  spears,  or  build  shelters 
(Dershin,  2004).  Early  improvements  probably  came  about  through  trial  and  error  and  took 
hundreds  (if  not  thousands)  of  years  to  become  part  of  the  human  skill  set.  Almost  up  to  the 
modern  times,  such  improvements  were  the  carefully  guarded  secrets  of  the  select  few. 
However,  the  fast  pace  of  modern  commercial/industrial  economy  has  given  rise  to  the 
structured  problem-solving  methodologies  for  process  improvement  that  are  well  understood  by 
and  available  to  all. 

Two  major  approaches  for  structured  problem  solving  emerged  separately  in  the  20th 
century  and  have  come  to  be  known  as  “Lean”  and  “Six  Sigma”  methodologies.  Lean 
improvements  focus  on  process  speed  and  waste  removal,  while  Six  Sigma,  like  its  predecessor 
Total  Quality  Management  (TQM),  focuses  on  the  removal  of  process  defects  and  the  reduction 
of  process  variability.  Ironically,  Six  Sigma  and  Lean  have  often  been  regarded  as  rival 
initiatives.  Lean  enthusiasts  note  that  Six  Sigma  pays  little  attention  to  anything  related  to  speed 
and  flow,  while  Six  Sigma  supporters  point  out  that  Lean  fails  to  address  key  concepts  like 
customer  needs  and  process  variation.  To  some  extent,  these  are  valid  arguments.  Yet,  they 
have  been  more  often  used  by  the  practitioners  to  promote  the  choice  of  one  versus  the  other 
approach.  However,  today’s  need  for  an  even  higher  level  of  competitiveness  than  that 
achieved  through  implementing  either  methodology  has  now  convinced  practitioners  that  these 
two  approaches  are  synergistic,  and  there  is  benefit  to  be  realized  by  blending  the  two. 
Therefore,  in  the  new  millennium,  we  are  witnessing  the  emergence  of  Lean  Six  Sigma 
(George,  2002;  Nash,  Poling  &  Ward,  2006). 

Lean  and  Six  Sigma  are  two  different  bodies  of  knowledge.  The  Six  Sigma  is  all  about 
locating  and  eliminating  root  causes  of  process  problems.  The  Six  Sigma  tools,  such  as  the  “the 
five  whys,”  are  designed  to  find  the  root  cause/s  of  the  problems  and  build  models  of  cause  and 
effect.  The  process  is  then  redesigned  with  the  root  cause/s  eliminated. 

Lean  is  different.  As  popularized  by  Womack  and  Jones  (2003),  the  Lean  roadmap  is  one  of 
successive  refinements  to  improve  the  overall  process  through  the  following  steps  (Apte  &  Goh, 
2004): 


■  Specify  value  in  the  eyes  of  the  customer 

■  Identify  the  value  stream  and  eliminate  waste 

■  Make  value  flow  at  the  pull  of  the  customer 
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■  Involve  and  empower  employees 

■  Continuously  improve  in  the  pursuit  of  perfection. 

Since  Lean  Six  Sigma  is  a  synergistic  blending  of  Lean  Production  and  Six  Sigma 
methodologies,  we  will  present  a  brief  overview  of  these  two  methodologies. 

Lean  Production 

Lean  can  be  defined  as  a  set  of  principles  and  tools  that  helps  us  eliminate  process 
activities  that  don't  add  value,  and  create  "flow"  in  a  process  (Dennis,  2002).  A  Lean  process  is 
defined  as  one  that  uses  only  the  absolute  minimum  of  resources  to  add  value  to  the  service  or 
product.  Lean  manufacturing  can  also  be  viewed  as  a  management  philosophy  focusing  on 
reduction  of  the  eight  types  of  wastes  (Human  Talent,  Over-production,  Waiting  time, 
Transportation,  Processing,  Inventory,  Motion  and  Scrap)  in  manufacturing  or  service  processes 
(“Lean  Manufacturing,”  2006).  By  eliminating  waste  (muda),  quality  is  improved,  production  time 
is  reduced,  and  cost  is  reduced.  Lean  "tools"  include  continuous  process  improvement  (kaizen), 
"pull"  production  process  (by  means  of  kanban)  and  mistake-proofing  (poka-yoke).  Lean,  as  a 
management  philosophy,  is  also  very  focused  on  creating  a  better  workplace  through  the 
Toyota  principle  of  "respect  for  humanity." 

Origins  of  Lean  Production  can  be  traced  to  the  Scientific  Management  principles  of 
Frederic  Taylor  (1911)  and  to  the  practical  genius  of  Henry  Ford  (Levinson,  2002).  But  the 
principles  of  Lean  Production  were  more  fully  embodied  in  its  recent  incarnations:  Just  in  Time 
Systems  and  Toyota  Production  System  (Ohno,  1988).  The  term  Lean  Production  was  coined 
by  Womack,  Jones  and  Roos  (1991)  in  their  best  seller,  The  Machine  that  Changed  the  World. 
The  book  chronicles  the  transitions  of  automobile  manufacturing  from  craft  production  to  mass 
production  to  lean  production.  “Theory  of  Constraints  (TOC)”  popularized  by  Goldratt  and  Cox 
(1992)  in  their  novel  The  Goal  is  also  typically  used  in  implementing  Lean  production.  Simply 
put,  TOC  involves  identification  and  use  of  the  bottleneck  (i.e. ,  the  constraint)  of  the  system  to 
set  the  operational  pace  of  the  system’s  components  and  to  achieve  a  synchronous  flow  so  as 
to  maximize  the  throughput  (i.e.,  the  money-making  potential)  of  the  system. 

At  the  heart  of  Lean  is  the  determination  of  value.  Value  is  defined  as  form,  feature  or 
function  for  which  a  customer  is  willing  to  pay.  The  processes  that  do  not  add  value  are  deemed 
waste.  The  Lean  framework  is  used  as  a  tool  to  focus  resources  and  energies  on  producing  the 
value-added  features  while  identifying  and  eliminating  non-value  added  activities.  Processes  in 
Lean  are  thought  of  as  value  streams.  Lead-time  reduction  and  the  flow  of  the  value  streams 
are  the  major  areas  of  focus  in  Lean.  Value-stream  mapping  helps  teams  understand  the  flow  of 
material  and  information  in  creating  and  delivering  the  product  or  services  being  offered  to  the 
customer  by  the  organization. 

In  summary,  in  its  current  implementation,  the  Lean  methodology: 

■  Provides  tools  for  analyzing  process  flow  and  delay  times  at  each  activity  in  a  process, 

■  Emphasizes  Value-stream  Mapping,  which  centers  on  the  separation  of  "value-added" 
from  "non-value-added"  work  with  tools  to  eliminate  the  root  causes  of  non-valued 
activities  and  their  cost, 

■  Uses  Theory  of  Constraints  as  its  integral  element  to  identify  bottlenecks  and  achieve  a 
synchronous  flow  in  the  system, 
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■  Recognizes  and  attempts  to  eliminate  8  types  of  waste/non-value-added  work:  defects, 
inventory,  over-production,  waiting  time,  motion,  transportation,  processing,  and  human 
talent,  and 

■  Creates  workplace  organization  through  Five  S  methodology  consisting  of  sort, 
straighten,  sustain,  sweep,  and  standardize. 

Six  Sigma 

Six  Sigma  is  a  management  technique  that  aims  to  develop  and  deliver  near-perfect 
products  and  services.  The  primary  goal  of  Six  Sigma  is  to  improve  customer  satisfaction  (and, 
thereby,  profitability)  by  reducing  and  eliminating  defects.  In  this  case,  the  defects  may  be 
related  to  any  aspect  of  customer  satisfaction:  product  quality,  delivery  performance,  and 
product  cost.  Six  Sigma  is  targeted  at  reducing  variation  in  a  business  processes.  It  can  also  be 
a  great  way  to  permeate  the  culture  of  continuous  improvement  in  an  organization. 

The  term  "Six  Sigma"  refers  to  a  statistical  construct  that  measures  how  far  a  given 
process  deviates  from  perfection.  A  level  of  Six  Sigma  (about  3.4  defects  per  every  million 
items)  represents  the  highest  level  of  quality:  virtually  all  products  and  business  processes  are 
defect-free.  It  should  be  noted  that  most  companies  today  function  at  only  a  three  or  four  sigma 
level  and  lose  10-15%  of  their  total  revenue  due  to  defects.  Thus,  a  typical  company  stands  to 
benefit  significantly  from  implementing  Six  Sigma. 

Six  Sigma  originated  in  1986  with  the  efforts  of  Bill  Smith,  a  senior  engineer  and  scientist 
at  Motorola  (McCarty,  2004).  It  was  originally  used  to  improve  manufacturing  processes  at 
Motorola.  While  Six  Sigma  has  its  roots  in  the  total  quality  management  (TQM)  approach  of  the 
1980s,  today  it  is  much  more  than  that.  It  is  now  being  used  across  a  wide  range  of  industries, 
including  banking,  insurance,  telecommunications,  construction,  healthcare,  and  software. 
Interestingly,  the  methodology  gained  industry-wide  acceptance  in  the  mid-90s  when  Jack 
Welch,  CEO  of  GE,  successfully  launched  it  within  the  entire  company  (General  Electric,  2006) 
and  began  vouching  for  the  billion-dollar  benefits  realized  by  GE  through  the  use  of  Six  Sigma 
methodology.  For  instance,  in  1999  alone,  GE  reported  that  it  saved  $2  billion  using  Six  Sigma 
principles. 

In  Six  Sigma  applications  in  service-sector  industries,  the  program  implies  going  beyond 
the  highest  quality  level  targeted  in  the  manufacturing  process.  For  example,  an  average  of  3.4 
errors  in  every  one  million  financial  transactions  would  not  be  acceptable  to  a  financial 
institution.  Six  Sigma  now  has  much  broader  meaning.  Simply  put,  Six  Sigma: 

■  Emphasizes  the  need  to  recognize  opportunities  and  eliminate  defects  as  defined  by 
customers, 

■  Recognizes  that  process  variation  hinders  our  ability  to  reliably  deliver  high-quality 
services, 

■  Requires  data-driven  decisions  and  incorporates  a  comprehensive  set  of  quality  tools 
under  a  powerful  framework  for  effective  problem  solving,  and 

■  Provides  a  highly  prescriptive  cultural  infrastructure  effective  in  obtaining  sustainable 
results. 

In  any  improvement  project,  utilization  of  a  well-defined  improvement  procedure  is  critically 
important.  The  most  commonly  used  standard  improvement  procedure  in  Six  Sigma  is  DMAIC 
(Define,  Measure,  Analyze,  Improve  and  Control).  DMAIC  is  a  structured,  disciplined,  rigorous 
approach  to  process  improvement  consisting  of  the  five  phases,  in  which  each  phase  is  linked 
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logically  to  the  previous  phase  as  well  as  to  the  next  phase.  A  detailed  description  of  these 
phases  can  be  found  in  Stamatis  (2004)  and  Rath  and  Strong  (2006). 

In  terms  of  the  tools  and  techniques  used  for  process  improvement,  there  is  only  a  marginal 
difference  between  Six  Sigma  and  the  Total  Quality  Management  approaches.  But  what  sets 
Six  Sigma  apart  from  TQM,  which  is  perhaps  the  most  important  reason  behind  the  success  of 
Six  Sigma,  is  the  establishment  of  organizational  infrastructure  for  ensuring  continuous  process 
improvement.  Thus,  Six  Sigma  should  be  ideally  viewed  as  a  management  system  that 
integrates  strategic  objective  and  measurement  systems  development,  and  provides  the 
guidance  for  project  prioritization  and  governance.  It  is  a  performance-management  system  to 
drive  a  more  focused  execution  of  the  overall  business  strategy.  The  essential  premise  of  the 
Six  Sigma  Management  System  is  that  there  is  a  leadership  team  in  place  whose  members  are 
willing  and  capable  of  engaging  in  a  disciplined,  team-based  process  of  continuously  monitoring 
real-time  organizational  performance  metrics  and  then  taking  action  in  the  form  of  project 
reviews.  The  team  engages  in  frequent  dialogue  regarding  performance  related  to  customer  and 
market  requirements  as  well  as  performance  related  to  critical  improvement  projects.  As  a  result 
of  these  efforts,  an  organization-wide  dialogue  is  created  that  drives  top-to-bottom  focus  on 
daily  execution  and  a  culture  of  continuous  improvement. 

Six  Sigma  identifies  five  key  organizational  roles  for  its  successful  implementation  (“Six 
Sigma,”  2006): 

■  Executive  Leadership  includes  CEO  and  other  key  top  management  team  members. 
They  are  responsible  for  establishing  a  vision  for  Six  Sigma  implementation. 

■  Champions  are  responsible  for  the  Six  Sigma  implementation  across  the  organization  in 
an  integrated  manner. 

■  Master  Black  Belts,  identified  by  Champions,  act  as  in-house,  full-time,  expert  coaches 
for  the  organization  on  Six  Sigma  initiatives. 

■  Black  Belts  operate  under  Master  Black  Belts  to  apply  Six  Sigma  methodology  to 
specific  projects.  They  devote  100%  of  their  time  to  Six  Sigma.  They  primarily  focus  on 
Six  Sigma  project  execution,  whereas  Champions  and  Master  Black  Belts  focus  on 
identifying  projects/functions  for  Six  Sigma. 

■  Green  Belts  are  the  employees  who  take  up  Six  Sigma  implementation  along  with  their 
other  job  responsibilities.  They  operate  under  the  guidance  of  Black  Belts  and  support 
them  in  achieving  the  overall  results. 

Please  note  that  there  exists  a  large  variation  in  the  way  the  above  roles  are  defined  and 
utilized  within  the  Six  Sigma  implementations  in  different  enterprises  and  that  specific  training 
programs  are  available  to  train  people  to  fulfill  these  roles. 

Lean  Six  Sigma 

As  noted  earlier,  the  process  improvement  methods  of  Lean  and  Six  Sigma  have  been 
practiced  separately  for  many  years.  However,  in  recent  years,  practitioners  have  come  to 
realize  that  the  two  methodologies  are,  in  fact,  dependent  on  each  other  for  greater  success. 

For  example,  it  is  impossible  to  run  a  process  with  minimum  waste  or  at  a  dependable  capacity 
if  individual  process  steps  are  highly  variable.  On  the  other  hand,  one  can  carefully  study  the 
complex  processes,  looking  for  root  causes  using  elegant  statistical  techniques,  and  never 
make  improvements  in  cycle-time  or  productivity  that  can  be  obtained  from  value-stream 
analysis. 
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To  the  extent  Lean  and  Six  Sigma  approaches  have  their  own  strengths  and 
weaknesses,  the  specific  action  plan  to  be  followed  in  effectively  implementing  Lean  Six  Sigma 
(for  example,  Lean  first  followed  by  Six  Sigma  later  or  vice  versa)  is  dependent  on  the  nature  of 
the  situation  at  hand.  For  example,  the  problems  related  to  accuracy  and/or  completeness  are 
usually  addressed  best  by  the  tools  of  Six  Sigma;  consequently,  those  tools  should  be 
introduced  first.  However,  if  the  customer  needs  quick  results,  and  if  the  problem  is  related  to 
timeliness  or  productivity,  Lean  should  be  implemented  first  with  an  understanding  that  deep 
and  complex  problems  will  be  solved  only  by  the  subsequent  use  of  the  Six  Sigma  tools. 

In  summary,  Lean  and  Six  Sigma  are  rich  bodies  of  knowledge  and  are  mature 
methodologies  for  solving  a  broad  variety  of  process-related  problems.  Each  methodology  has 
its  own  approach  to  process  improvement  and  its  own  tool  set.  Although  Lean  and  Six  Sigma 
methodologies  can  be  mastered  independently,  they  can  and  should  be  implemented  together 
to  realize  the  full  benefits  of  process  improvements  by  any  organization. 

Examples  of  Lean  Six  Sigma  Implementations  in  the  Military 

The  combination  of  Lean  Thinking  and  Six  Sigma  has  proven  to  be  a  very  effective  tool 
in  the  private  sector.  The  success  realized  by  top  companies  such  as  Toyota  and  GE  has 
inspired  the  use  of  Lean  Six  Sigma  in  the  US  Department  of  Defense  (DoD).  Although  the  DoD 
has  implemented  a  number  of  process-improvements  methodologies  with  varying  degrees  of 
success  in  the  past  decade,  it  has  begun  to  explore  the  potential  of  implementing  Lean  Six 
Sigma  throughout  the  entire  DoD  only  recently.  The  early  results  are  very  promising.  As  the 
lean  Six  Sigma  mindset  continues  to  grow  among  the  DoD  community  and  both  the  Lean  and 
Six  Sigma  practices  become  more  commonplace,  the  equipment  and  personnel  available  to  the 
DoD  will  provide  considerably  more  capability  per  taxpayer  dollar  than  ever  before.  We  discuss 
below  some  examples  of  Lean  Six  Sigma  implementations  in  the  US  Army,  Navy  and  the  Air 
Force. 

Army  Implementations 

Faced  with  the  expectations  of  a  shrinking  defense  budget,  the  Secretary  of  the  Army 
Francis  Harvey  signed  an  order  in  March  of  2005  that  would  implement  Lean  Six  Sigma  across 
the  entire  service.  Currently,  several  organizations  within  the  Army  are  implementing  Lean  Six 
Sigma  and  are  enjoying  remarkable  results. 

The  Red  River  Army  Depot  Repair  Facility  is  one  such  organization  (Donnelly,  2006).  In 
implementing  Lean  Six  Sigma,  the  Red  River  Depot  has  made  many  changes  to  its  HMMWV 
repair  line,  such  as:  forming  an  assembly-line  process,  using  time-managed  intervals  to  control 
the  flow  of  work,  organizing  employees  based  on  experience  and  proficiency,  cleaning  up  and 
improving  the  overall  work  environment,  stocking  more  and  better  quality  parts  to  reduce  stock¬ 
outs,  and  training  employees  to  ensure  there  is  no  break  in  continuity  on  the  assembly  line. 
Improvement  efforts  have  resulted  in  the  ability  to  turn  out  32  mission-ready  HMMWV’s  a  day, 
compared  with  three  a  week  in  2004.  The  Lean  process  has  also  lowered  the  cost  of  repair  for 
one  vehicle  from  $89,000  to  $48,000.  Some  of  the  biggest  improvement  ideas  have  come  from 
the  front-line  employees  themselves. 

Other  Army  facilities  boast  similar  progress  as  the  result  of  Lean  Six  Sigma 
methodologies.  Pine  Bluff  Arsenal  in  Arkansas  reduced  its  repair  cycle-time  by  about  90%  and 
increased  its  production  rate  by  about  50%  on  M-40  protective  gas  masks.  Letterkenny  Army 
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Depot  in  Pennsylvania  has  saved  $1 1 .9  million  in  the  cost  of  building  the  Patriot  air-defense 
missile  system.  In  the  Corpus  Christi  Army  Depot,  the  overhaul  time  for  one  T700  helicopter 
engine  was  reduced  by  64%.  These  depots  improved  the  consistency  of  their  repair  operations 
by  increasing  the  mean  time  between  the  engine  overhauls  from  309  hours  to  over  900  hours 
and  improved  the  return  to  field  accuracy  to  above  90%  (Moorman,  2005). 

Despite  these  early  successes,  the  long-term,  future  and  the  resulting  benefits  of  Lean 
Six  Sigma  are  far  from  certain.  Ultimately,  the  key  ingredient  for  the  successful  implementation 
of  Lean  Six  Sigma  is  not  simply  an  order  from  the  top,  but  the  ability  of  commanders  to  change 
the  organization’s  culture  and  convince  the  soldiers  and  employees  that  Lean  Six  Sigma  does 
work  and  that  it  is  worth  the  effort.  The  Red  River  Depot  has  taken  a  small,  yet  interesting,  step 
to  change  the  culture  of  the  organization  by  posting  a  black  cutout  figure  of  a  soldier  with  a 
helmet  and  rifle  with  a  sign  affixed  to  it  that  reads,  “We  build  it  as  if  our  life  depends  on  it.  Theirs 
do!”  This  is  to  serve  as  a  reminder  that  their  job  is  about  more  than  a  paycheck,  and  the  better 
they  can  do  their  job,  the  more  lives  they  can  save. 

Navy  Implementations 

The  AIRSpeed  program  is  perhaps  the  best  known  implementation  of  Lean  Six  Sigma  in 
the  US  Navy.  As  stated  by  the  Secretary  of  the  Navy  Donald  Winter  in  a  memorandum  in  May 
2006,  “Lean  Six  Sigma  (LSS)  is  a  proven  business  process  that  several  elements  of  the  Navy 
and  Marine  Corps  have  initiated  including  training  over  500  Black  Belts  and  1500  Green  Belts 
who  have  facilitated  2800  events  and  projects.  These  activities  have  averaged  a  4:1  return  on 
investment.”  The  following  examples  demonstrate  some  success  stories  in  the  implementation 
of  AIRSpeed. 

a.  In  October  2005,  Naval  Air  Warfare  Center  (NAWC)  accounting  practices  yielded  an 
annual  savings  of  $176.9K,  with  an  additional  anticipated  saving  of  $146. 3K  in  waste 
elimination. 

b.  Since  April  2004,  Aviation  Intermediate  Maintenance  Division  (AIMD)  Whidbey  Island 
reduced  J-52  aircraft  engine  repair  time  from  468  hours  to  233  hours  and  reported 
significant  inventory  and  operating  cost  savings.  Since  February  2006,  AIMD  Patuxent 
River  has  seen  increased  savings  due  to  a  10%  inventory  reduction  and  a  reallocation  of 
166  hours  of  full-time  employees. 

c.  In  June  2006,  Naval  Aviation  Systems  Command’s  (NAVAIR)  PMA  offices  began 
replicating  successes  of  other  PMA  offices,  including  one  office  that  saw  an  estimated 
$163K/year  savings  due  to  reducing  processing  time  from  the  240-days  average  to  a 
predicted  average  of  15  days. 

The  successes  are  due,  in  large  part,  to  the  training  received  by  the  employees  that 
emphasizes  the  use  of  DMAIC  (Define,  Measure,  Analysis,  Improve  and  Control)  methodology 
for  process  improvement.  AIRSpeed  attempts  to  create  an  enterprise-wide,  continuous  process- 
improvement  environment  through  the  incorporation  of  commercial  business  practices.  The 
goal  of  AIRSpeed  is  to  operationalize  cost-wise  readiness  across  the  Naval  Aviation  Enterprise. 

There  are  five  anticipated  long-term  benefits  of  AIRSpeed : 

1 .  Reduce  total  cost  of  Naval  Aviation  by  reducing  inventory,  manpower  and  operating 
expenses. 

2.  Support  the  Fleet  Response  Plan  by  providing  aircraft  Ready  for  Tasking  (RFT). 
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3.  Integrate  the  Maintenance  and  Supply  Support  System  to  provide  seamless  support  to 
the  Fleet. 

4.  Improve  logistics  and  maintenance  response  by  reducing  cycle-time  and  the  logistics 
footprint. 

5.  Place  ownership  and  accountability  at  the  appropriate  levels. 

Air  Force  Implementations 

Over  the  next  several  years,  the  Air  Force  (AF)  is  expected  lose  approximately  40,000 
personnel.  This  loss  of  manpower  means  airmen  must  work  smarter  and  leaner.  Senior  AF 
leadership  has  decided  to  utilize  the  Lean  Six  Sigma  strategy  to  accomplish  this.  Accordingly, 
the  USAF  has  created  a  new  program  office,  Air  Force  Smart  Operations  21  (AFS021),  at  the 
Pentagon  with  Brig.  Gen.  S.  Taco  Gilbert  as  the  Director  of  the  AFS021  Office  (Lopez,  2006). 

The  AF  already  has  several  examples  of  AFS021  at  work.  AF  Materiel  Command  has 
applied  AFS021  and  returned  100  aircraft  to  duty,  as  well  as  reduced  C-5  maintenance  time  by 
50%.  USAF  Europe  (USAFE)  applied  AFS021  practices — they  reduced  the  number  of 
telephone  operators  by  approximately  16%  and  saved  the  command  $2.4  million  (Lopez,  2006). 
The  AF  has  also  begun  implementation  of  Lean  Six  Sigma  concepts  to  their  contracting 
activities.  The  goal  is  to  reduce  the  cycle-time  required  to  award  a  contract  in  support  of  new 
operational  requirements.  The  Global  Hawk  team  followed  the  Lean  Thinking  concepts  to  break 
down  the  contracting  process  into  a  value  stream.  They  identified  steps  that  do  not  add  value 
and  eliminated  them.  By  eliminating  those  unnecessary  steps,  the  process  times  in  three  steps 
of  the  contracting  process  were  cut  by  37%,  40%  and  73%! 

Managerial  Implications 

The  experiences  in  implementing  Lean  Six  Sigma  in  the  military  have  uncovered  several 
valuable  lessons  and  managerial  guidelines.  They  are  briefly  presented  below. 

Active  support  of  senior  leaders  is  a  necessity. 

■  Articulate  clearly  the  need  for  change. 

■  Commit  to  the  change — make  it  last  through  leadership  turnover. 

■  Change  and  accountability  should  be  driven  from  the  top. 

■  Actions  speak  louder  than  words — participate  in  the  effort. 

Initial  successes  are  critically  important. 

■  Carefully  choose  initial  projects. 

■  Assign  high-potential  employees  to  those  projects. 

■  Provide  financial  and  personnel  resources  to  ensure  success. 

■  Initial  successes  turn  the  skeptics  into  believers. 

Emphasize  continuing  education  and  training. 

■  Deploy  1%  of  workforce  as  full-time  Black  Belt  plus  Green  Belts,  Champions,  etc. 
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■  Black  Belts  should  be  selected  from  “future  leaders  of  the  organization.” 

■  Create  Master  Black  Belts  to  take  over  training  at  all  levels. 

■  Senior  organization  leaders  must  be  trained  and  engaged  in  project  selection. 

■  Include  Productivity  Improvement  Training  in  Leadership  Development  Programs. 

Monitor  the  Lean  Six  Sigma  projects. 

■  Assign  concrete  goals  to  project  leaders  and  hold  them  accountable  for  project  results. 

■  Provide  stable  funding  to  ensure  long-term  success. 

■  Demand  validated  return  on  investment;  Keep  score  in  public. 

■  Promote  a  philosophy  that  it  is  OK  to  save  a  dollar  and  give  it  up — it’s  not  your  money. 

■  Middle  management  is  likely  to  provide  the  most  resistance — actively  manage  their 

participation  (increase  the  ratio  between  those  that  get  it  and  those  that  don’t). 

The  LSS  methodology  was  developed  in  the  private  sector.  To  the  extent  the 
competitive  environment,  the  organizational  culture,  and  the  nature  of  operational  challenges 
are  different  in  private-sector  firms  than  in  the  Department  of  Defense,  it  is  essential  that  the 
LSS  methodology  be  suitably  modified  in  its  implementation  in  the  military.  We  discuss  below  a 
set  of  issues  that  must  be  addressed  in  implementing  LSS  in  the  military. 

Experience  indicates  that  the  success  of  Lean  Six  Sigma  depends  on  employee 
empowerment  and  participative  management.  Since  the  military  is  traditionally  organized  and 
managed  as  a  strict  hierarchy,  implementing  LSS  is  a  challenging  task.  Also,  frequent  rotation 
and  movement  of  officers  in  their  assignments  is  a  common  practice  in  the  military.  This 
creates  a  possibility  that  the  procedures  and  culture  created  by  one  officer  in  implementing  LSS 
can  be  disrupted  when  s/he  is  replaced  by  another  officer. 

In  the  military,  the  employees  may  enthusiastically  embrace  LSS  implementation  initially, 
but  it  is  difficult  to  maintain  that  enthusiasm  towards  LSS  in  the  long-run  without  proper  incentive 
systems.  Private-sector  organizations  can  give  financial  incentives  to  employees  to  reward  their 
contributions  to  process-improvement  efforts.  However,  it  is  almost  impossible  to  give  such 
monetary  incentives  in  the  military  due  to  the  governmental  rules  and  regulations.  Hence,  an 
alternate  non-monetary  incentive  system,  for  example,  for  career  enhancement  or  for  better 
promotion  opportunities,  must  be  investigated. 

Another  area  to  be  carefully  studied  regarding  implementing  LSS  in  the  military  is  to 
understand  the  fundamental  nature  of  military  operations.  Lean  Six  Sigma  methodologies  were 
originally  designed  for  manufacturing  assembly  systems  in  which  the  demands  are  known  or 
predetermined.  As  we  move  closer  to  a  foxhole  from  a  factory ,  the  overall  magnitude  of 
uncertainty  in  demand,  supply,  and  environment  increases  significantly.  Military  planners  must 
fully  keep  in  mind  that  the  demand  and  supply  are  uncertain  in  many  military  applications; 
hence,  LSS  must  be  selectively  implemented  in  different  parts  of  the  military  in  different  ways. 

For  example,  supply  officers  may  be  encouraged,  but  not  required,  to  apply  Lean  and  just-in- 
time  concepts  to  reduce  inventory  in  military  operational  environments;  such  should  not  be 
required  due  to  the  inherent  nature  of  uncertain  demand  and  the  potentially  heavy  penalty  of 
stockouts  that  would  cause  readiness  degradation  and  potential  losses  of  human  lives. 

Finally,  we  wish  to  point  out  that  while  the  issues  identified  above  are  important  and  must  be 
carefully  analyzed  by  military  planners,  approaches  for  dealing  with  them  can  be  developed.  Moreover, 
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the  benefits  of  reduced  lifecycle  costs  and  improved  readiness  that  can  be  realized  from  implementing 
Lean  Six  Sigma  are  simply  too  great.  Hence,  we  believe  that  implementing  Lean  Six  Sigma  in  the 
military  is  a  strategically  important  logistics  initiative  and  recommend  that  it  be  undertaken  under  full 
steam. 
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Lean  Six  Sigma 
for  Reduce  Life  Cycle  Costs 
and  I  m proved  Readiness 


Dr.  Keebom  Kang 
Dr.  Uday  Apte 


Wm 


Outline 


•  Why  implement  Lean  Six  Sigma? 

•  Background  on  "What  is  Lean  Six  Sigma?" 

-  Theory  of  Constraints 

-  Lean  Production 

-  Six  Sigma  (Why  6,  not  7  or  8?) 


A  case  study  at  NASWI  and  lessons 

How  to  implement  Lean  Six  Sigma  for  military 
applications  -  Managerial  guidelines 
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Why  Lean  Six  Sigma 


•  During  the  life  cycle  of  a  weapon  system  a  significantly  larger 
amount  of  money  gets  spent  on  operating  and  maintaining  the 
system  than  for  acquiring  it 

•  Efficient  and  effective  logistics  systems  are  therefore  critically 
important  for  containing  the  operation  and  maintenance  costs 
and  for  maintaining  the  highest  level  of  military  readiness 

•  Lean  Six  Sigma  is  strategically  important  and  it  is  a  proven 
logistics  initiative  for  reduced  life  cycle  costs  and  improved 
readiness 
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NAVAIR  AIR  Speed 


V  * 


Readiness  (Ao) 


uptime  MTBM 

Ao  =  -  =  - 

uptime  +  downtime  MTBM  +  MDT 

MTBM  (Mean  Time  Between  Maintenance) 

MDT  (Maintenance  Down  Time) 

-  Transportation  +  Repair  cycle  time  +  Logistics  delay  including 
Administration  delay 

-  Repair  cycle  time  is  only  a  fraction  of  the  total  MDT 


How  to  improve  readiness,  Ao? 

-  |  MDT  (cycle  time  reduction:  LEAN) 

-  |  MTBM  (better  reliability  &  maintainability:  6  SIGMA) 
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I  mpact  of  Maintenance  Down  Time  on  Readiness  and  Cost: 

A  Hypothetical  Example 


Assume  that  the  Navy  has  800  F/A-18  Hornet  aircraft, 
each  of  which  costs  $50  million.  The  Standard  Depot 
Level  Maintenance  (SDLM)  must  be  done  every  4  year. 
Because  of  the  aging  of  aircraft  and  other  reasons,  the 
maintenance  down  time  is  currently  one  year. 


Readiness  =  4/(4+ 1)  =  0.8 


Thus,  only  80%  of  800,  or  640  aircraft  will  be  mission 
capable  (MC)  on  average 
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A  Hypothetical  Example  (Continued) 


Assume  further  that  by  implementing  Lean  Six  Sigma, 
MDT  can  be  reduced  to  6  months. 


Readiness  =  4/(4+0.5)  =  0.889 


Assuming  that  the  adequate  end-strength  is  640  mission 
capable  aircraft,  a  fleet  size  would  be  640/0.889  =  720 
aircraft. 


Thus,  the  fleet  size  is  reduced  by  80  (800  -  720)  aircraft 
freeing  up  $4  billion  expenditure  for  other  purposes. 
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Little’s  Law 


a  a  a 


Throughput  (Flow  rate),  R 

[units/ day] 


□  QJ  0 


Cycle  Time  (Flow  Time),  T  [days] 

Inventory  =  Throughput  x  Cycle  Time 
I  =  RxT 

What  is  new  in  this  formula? 


Little,  J.D.  (1961),  On  the  proof  of  a  queueing  formula  L  =  A  W,  Operations  Research. 
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What’s  Wrong  with  Chrysler? 


Back- Lot  Backlog 

Days  each  auto  maker  would  need 
to  sell  iits  Inventory 


DaimlerChrvsIer 

GM 

Hyundai-Kia 
Ford 
Nissan 
Industry  overage 
Ho  nda 
Toyota 


1st  qtr.  2007 


75  days 


"Through  Feb.  19 

Note  Brand  Figures  include  Foreign  subsidiaries  such  as 
Saab.  Jaguar,  Larvd  Rimer..  VoImo  and  Mercedes-Eenj. 

Sourc-e:  Power  I  nfornnstion  Ntrtwhrtt 
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Wall  Street  Journal,  02  March  2007) 


What’s  Wrong  with  Chrysler? 

(Source:  Wall  Street  Journal,  02  March  2007) 

How  much  financial  advantage  does  Toyota 
have  over  DaimlerChrysler  from  faster  inventory 
turnover?  Use  back-lot  backlog  of  80  days  for 
DaimlerChrysler,  and  30  days  for  Toyota. 
Assume  that  the  annual  revenue  of  each 
company  is  $200  billion  and  the  annual 
inventory  rate  is  20%. 
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Last  Mile  I  nventory  using  Little's  Law 


Inv  (DC)  =  $200B/360days*80days  =  $44.4B 

Inv  (Toyota)  =  S200B/360  *  30  =$16.7B 

Chrysler  carries  $27. 7B  more  inventory  than 
Toyota  in  the  back-lot  backlog. 

It  is  equivalent  to  $5.54B/year  at  a  20%  annual 
inventory  rate. 
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What  is  Lean  Six  Sigma 


•  Process  improvement  has  always  been  a  universal  goal 

-  Reducing  cost,  increasing  speed,  and  improving  quality 

•  Several  successful  techniques  emerged  in  the  twentieth  century 

-  Theory  of  Constraints:  Focus  is  on  Capacity 

-  Lean  Production:  Focus  is  on  cost  and  speed 

-  Six  Sigma:  Focus  is  on  quality  and  variability 
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What  is  6  a? 


LT  Miller  fires  a  smart  missile  to  destroy  a  very  long  enemy  bridge 
stretching  north-south.  That  means  we  are  only  concerned  with  horizontal 
(east-west)  miss-distance.  The  miss-distance  from  the  center  of  the  bridge 
follows  a  normal  distribution  with  a  mean,  p  =  0  and  a  standard  deviation, 
o  =  1  yard.  If  the  missile  lands  within  6  yards  from  the  center,  the  bridge 
will  be  destroyed.  What  is  the  probability  of  a  miss? 

Pr  (X  >  6)  +  Pr  (X  <  -6),  where  X  ~  N(0,  1 ) 

=  [1  -  NORMDIST  (6,0,  1,  1)]  +  NORMDIST  (-6, 0,1,1) 

=  1  per  billion  rounds  +  1  per  billion  rounds 
=  2  per  billion 
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6-sigma  calculation  using  an  EXCEL 
function 


•  Pr  (X  >  [i  +  4.5 a)  =  1  -  NORMDIST(4.5,  0,  1 ,  1 )  =  3.4 
E-06  (or  3.4  per  million) 

•  Pr(X>  p  +  6a)=  1  -kORMDIST(6,  0,  1,  1)  =9.9 

E-10  (or  1  per  billion)  X\ 


What  is  6  a?  (continued) 


LT  Adams  fires  a  missile  to  destroy  a  very  long  enemy  bridge 
stretching  north-south.  That  means  we  are  only  concerned  with 
horizontal  (east-west)  miss-distance.  The  miss-distance  from  the 
center  of  the  bridge  follows  a  normal  distribution  with  |j  =  0  and  o  = 
1  .  The  aim-point  error  is  estimated  to  be  1 .5  yards.  (He  aims  at  the 
center  of  the  bridge,  but  his  gun  actually  aims  at  the  point  1 .5  yds 
from  the  center:  calibration  error)  If  the  missile  lands  within  6  yards 
from  the  center,  the  bridge  will  be  destroyed.  What  is  the 
probability  of  a  miss? 


Pr  (X  >  4.5)  +  Pr  (X  <  -7.5) 

=  [1  -  NORMDIST  (4.5,0,  1,  1)]  +  NORMDIST  (-7.5, 0,1,1) 

=  3.4  per  million  rounds  +  practically  0 

=  3.4  per  million  rounds 

(3.4  DPMO:  defects  per  million  opportunities) 
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Statistical  Definition  of  Six  Sigma 

Statistical  Definition 


Six  Sigma  Definition 

Prob  (out  of  spec) 

=  Pr  (X  >  4.5)  +  Pr  (X  <  -7.5) 

=[1  -  NORMDIST(4.5,  0,  1,  1)]  +  NORMDIST(-7.5,0,1) 

=  3.4  E-06 

—  1.5a 

.^A  1.5a  is  the  shift  in  the 

/  X  \  mean  or  the  drift 

/  \  3.4  per  million  fall  to  the 

/  /  \  \  right-hand-side  of  4.5a 

/  C;  >\  and  practically  0  to  the 

//  T  \  V  left-hand-side  of -7.5a 


Importance  of  Variability 

Captain  Weiser  drops  a  bomb  to  destroy  an  enemy  highway 
stretching  north-south.  The  miss-distance  of  this  bomb  from  the 
center  of  the  highway  follows  a  normal  distribution  with  p  =  0  and  o 
=  2  .  The  aim-point  error  is  estimated  to  be  1.5  yards.  If  the  bomb 
lands  within  6  yards  from  the  center  of  the  highway,  the  highway  will 
be  destroyed.  What  is  the  probability  of  a  miss? 


Pr  (X  >  4.5)  +  Pr  (X  <  -7.5)  where  X  ~  N  (1 , 22) 

=  [1  -  NORMDIST(4.5,  0,  2,  1)]  +  NORMDIST  (-7.5,0,2,1 ) 
=  0.012  +  0.000088  =  0.012088,  or 


1 .2  misses  per  hundred  (98.8%  probability  of  hit ) 
12,088  misses  per  million 
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Six  Sigma  Fundamentals 


Six  Sigma  has  its  origins  in 

-  Statistical  Process  Control 

-  Total  Quality  Management 

DMAIC  (define,  measure,  analyze,  improve  and  control) 


Process  capability  (Cp):  specification  limits  (LSL,  USL)  and  control 


limits  (LCL,  UCL) 
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The  Evolution  of  Six  Sigma 


•  Six  Sigma  1.0  -  Motorola:  Tools  focused  on  process  quality 

Six  Sigma  defined  as  a  method  to  eliminate  variation  to  customer 
requirements 

•  Voice  of  Customer  defines  quality,  a  small  subset  of  TQM  quality 

•  Define  Measure  Analyze  Improve  Control  (DMAIC):  data  driven 
management 

•  Concept  of  Y  =  f(x1,x2,...)  to  require  management  to  be  responsible  for 
improving  critical  process  inputs  rather  than  just  outputs  (sales,  profits,  etc.) 

•  Supported  by  a  suite  of  TQM  quality/statistical  analysis  tools 

•  Variation  is  Evil,  but  also  a  source  of  information 
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■  Petraeus  reported  little  drop  in 
Iraq  violence,  and  Iran  meddling. 

The  general’s  assessment  came 
as  the  Senate.  51-46.  completed  fi¬ 
nal  passage  of  legislation  setting  •> 
pullout  timeline,  which  Bush  de¬ 
clared  "dead  before  arrival.”  Pe- 
traeus  described  an  extremely  com 
plex  and  challenging"  security  situ 
ation  in  which  some  areas  Impr ov  e 
while  others  deteriorate  and  said 
progress  will  be  painful  and  nal> 
vng.  He  also  outlined  "exceedingly 

unhelpful  activities”  by  Iran.  I  he 

day's  violence  in  Iraq  took  72  lives. 
A  US.  officer  was  accused  of  letting 
prisoners  use  a  cellphone  in  private 
and  fraternizing  with  the  daughter 
- *?d  Camp 


dropped  call 


How  Motorola  Fell 
A  Giant  Step  Behind 


As  It  Milked  Thin  Tlwne, 

Rivals  Sneaked  Ahead 
On  the  Next  Generation 

By  Christopher  Rhoads 
And  Li  Yuan 

A  year  ago,  Motorola  Inc.  appeared 
headed  for  a  third  straight  year  of  rich 
profits  under  Chief  Executive  Ed 
Zander,  driven  by  its  hit  cellphone  the 
Razr.  "A  lot  of  you  are  always  asking 
what  is  after  the 
Razr,”  Mr.  Zander 
said  in  an  April 
conference 


Razr  Burn 

Motorola’s  daily  share  price. 
Edward  Zander  took  over  as  CEO 
at  the  beginning  of  2004. 

Yesterday's  dose:  $17.90 

SID 
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2004 


'OS 


’06 


Unusiu 
( liters  j 
To  Slut 

All  Harm 
Have  ( 'ha 

In  KKR, 

By  Dennis  K. 


1  07 


vestors  that  p 
buying  publi 

at  a  hefty  pro 
buyout  player; 
deal  that  offer 
of  the  action, 
yesterday. 

International 

to  be  acquire 
Roberts  &  Co 
group  Inc.  for 


rh  1 


The  Evolution  of  Six  Sigma 


•  Six  Sigma  2.0  -  GE:  Infrastructure  of  CPI  (continuous 
process  improvement)  Success 

TQM,  Baldridge,  ISO,  Lean  etc  Described  the  future  state,  but  not  the 
actions  to  achieve  it.  Six  Sigma  Prescribes  every  action  from  present 
to  future  state. 


•  Executive  Leaders  and  process  owners  trained  and  actively  engaged  in 
the  process 


•  Projects  selected  specifically  to  execute  leadership  objectives 

•  Defined  organization,  roles,  and  training  levels  (Black  Belts,  Directors, 
Sponsors,  Green  Belts,  etc.)  creates  capability  and  accountability 


•  Critical  mass  of  resources  defined  (e.g.1%  of  employee  population  Black 
Belts) 

•  Results  are  sustained  by  transferring  training  at  all  levels  from  consultant 
to  client 
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3.4  DPMO  must  be  interpreted  carefully 


•  3.4  DPMO  was  originally  developed  from  Motorola  for 
their  electronic  assembly  line  process  control 

•  It  assumes  the  process  is  “truly”  normally  distributed 
(Gaussian  process). 

•  Are  these  acceptable? 

-  3.4  errors  per  million  financial  transactions  at  NYSE 

-  3.4  errors  per  million  bits  in  telecommunication 

-  3.4  errors  per  million  landings  in  FAA  flight  control 
computers 

•  What  does  “3.4  DPMO”  mean  in  military? 
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Theory  of  Constraints 


•  The  Goa! by  Eli  Goldratt 


•  Theory  of  Constraints  (TOC) 

-  Identify  the  Constraint 

-  Subordinate  everything  else 

-  Use  it  in  the  best  possible  way 

-  Eliminate  the  bottleneck 

-  Go  back  to  step  one 

-  Don't  let  inertia  set  in 


TOC  leads  to  increased  capacity  and  smoother  flow  of 
operations 
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Lean 


•  Lean  Production 

-  has  its  origins  in  Frederic  Taylor's  Principles  of  Scientific  Management 
(1911) 

-  was  implemented  by  Henry  Ford  in  the  production  of  Model  T  in  early 
1900's  (31  hrs  from  iron  ore  to  finished  Model  T,  price  fell  from  $850  in 
1908  to  $345  in  1916!) 

-  was  perfected  by  Toyota  post  WWII  (multiple  models/options,  just-in-time 
system  including  rapid  setups,  Kanban  pull,  mistake-proofing,  and  almost 
zero  inventory  with  maximum  flexibility!) 

•  Lean  Production,  a  term  popularized  by  Womack,  Jones  and 
Roos  (1991,  The  Machine  that  Changed  the  World)  consists  of: 

-  Identify  value  stream 

-  Remove  waste 

-  Make  value  flow 

-  Pull  value 

-  Mistake-proof  the  process 
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Lean  Production  and  Six  Sigma  are  Complementary 
Techniques 


Lean 

Speed  +  ©£a«t£  +  Cost  + 
Implicit  Infrastructure 


Six  Sigma 

Quality  +  Cost  + 
Explicit  Infrastructure 


Lean  Speed  Enables 

Six  Sigma  Quality  Enables 

Six  Sigma  Quality 

Lean  Speed 

(Faster  Cycles  of 

(Fewer  Defects  Means 

Experimentation/learning) 

Less  Time  Spent  on  Rework) 

Synergistic  merging  of  Lean  Production  and  Six  Sigma 
techniques  has  led  to  Lean  Six  Sigma 
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Navy  LSS  I 


•  Aviation  Intermediate  Maintenance  Division  (AIMD),  Whidbey  Island 
reduced  >52  aircraft  repair  time  from  468  hours  to  233  hours 

•  Naval  Air  Warfare  Center  accounting  practices  resulted  in  annual  saving  of 
over  $300K. 

•  Naval  Aviation  Systems  Command's  PMA  offices  reduced  processing  time 
from  240  days  to  15  days. 

•  James  F.  Brice,  director  of  the  Naval  Sea  Systems  Command's  lean  task 
force,  says  "lean  and  six  sigma  will  help  NAVSEA  save  $116  million  this 
fiscal  year  (FY06)."  [source:  govexec.com,  Nov  2,  2005] 
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Lean  Implementation 

AIRSpeed  at  J52  Engine  Repair  Shop 


LCDR  Eric  Jafar,  SC,  USN 
LCDR  Terence  Mejos,  AMDO,  USN 
LT  Chieh  Yang,  LDO,  USN 
(NPS  Graduates,  December  2006) 
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J52-P408  Engine  for  EA-6B  Aircraft 


Manufacturer:  Pratt  &  Whitney 


l-level  Support  Activities: 

-  NASWI  AIMD,  WA 

-  MALS  14,  Cherry  Point,  NC 

-  MALS  12,  Iwakuni,  Japan 


Lean  Application 


•  Technical  Focus:  Value  Stream  Mapping  (VSM) 

Step  1 .  Layout  of  current  state 
Step  2.  Analysis 
Step  3.  Layout  of  future  state 
Step  4.  Implementation  Plan 
Step  5.  Implementation 


•  Human  Focus:  Employing  Leadership  Style 

-  Creating  a  safe  and  engaging  environment,  and  motivating  people 
to  constantly  improve  for  the  better. 
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Analysis 


•  Seven+1  Wastes 

1.  Overproduction 

2.  Transportation 

3.  Unnecessary  Inventory 

4.  Waiting 

5.  Inappropriate  Processing 

6.  Defect 

7.  Unnecessary  Excess  Motion 

8.  Underutilization  of  Employees 
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VSM  In-process 

Current 


Future 


Comparison:  Buildup  Process 


•  Before:  2,240  ft 


•  After:  800  ft 


ROLL  UP  DOOR 


BUILD  AREA 


50’  x  50’ 


PARTS 

CAGE 


QQQGO 


ORPHANAGE  AREA 
(MAJOR  COMPONENTS) 


Comparison:  Orphanage 


•  Before 


•  After 
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Comparison:  Supermarket 


•  Before 


•  After 


Lean  Operational  Techniques 


•  Pull  System 

•  Visual  Control 


Mistake  proofing  (poka  yoke) 


Equipment  Changeover 
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Pull  System 


•  Issuance  of  an  RFI 
engine  would  “trigger” 
the  process  for  building 
a  replenishment  engine, 
pulling  parts  from  the 
Supermarket. 
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Visual  Control 


If  a  Pub  is  out  of  order  it  is  immediately  apparent. 


A3 


A4 


AS 


AS 


A : 


AG 


AS 


A  7 


am 


AS 


A  7 


A  6 


A:i 


AS 


A4 
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Visual  Control 
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Human  Factors: 

Cultural  Transformation 
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Results 


•  Improved  TAT 

-  from  63  to  45  days 

•  Improved  shop  parts  visibility/identification 

•  Reduced  administrative  burden/time 


-  ordering  parts 

-  processing  lost  parts 

-  swapping  documents  due  to  cannibalization 


•  Reduced  spare  parts/inventory 

•  More  manageable  cannibalization 

•  Working  days  reduced  from  5/8  to  4/10,  off  on  Friday. 

•  Improved  morale... 
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Crisis/Sustainment  Issues 


•  Oil  Contamination 


-  Increased  sampling  analysis  standard 

-  Shortened  sampling  interval 

•  7  “bare  firewalls”  in  the  Prowler  Fleet 

•  30+  backlogged  engines  at  NASWI 


New  Division  Officer/AIRSpeed  Officer 

-  Old  norms  begin  to  re-appear 

Working  Hours 

-  Back  to  5/8 
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Other  Sources  of  Problems 


•  Funding:  Workload  is  determined  by  funding 
not  by  customers’  needs. 

•  Culture:  Taking  Saturday  off  may  not  be 
acceptable  to  other  commands  in  the  same 
base 

•  Education  on  variability  and  risk  management 
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Recommendations  Based  on 
Our  Simulation  Analyses 


•  Increase  the  RFI  pool  from  5  to  at  least  9 

-  There  are  1 1 1  EA6B  aircraft  with  140  spare  engines.  Current  RFI 
pool  has  5  engines.  RFI  pool  should  be  increased  to  accommodate 
potential  surge  in  demand. 

-  The  Navy  already  owns  140  spare  engines.  Increasing  RFI  pool  is 
sunk  cost. 

•  Change  the  quick  fix  station  capacity  from  1  to  4.  (currently  the 
quick  fix  station  takes  longer  time.  This  is  against  the  efficiency 
of  the  Shortest  Processing  Time  (SPT)  rule  in  scheduling. 

•  Understand  and  educate  the  concept  of  variability  that  is  the 
very  nature  of  military  problems. 


(Source:  Department  of  the  Navy,  COMVAQWINGPAC,  Power  Plants  Office) 
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Challenges  of  Implementing  LSS  in  Military 


•  Success  of  LSS  in  the  commercial  sector 


-  Severe  competition 

-  Incentives  (symmetric  reward/punishment) 

-  Employee  empowerment  and  participative 
management 


•  Military  is  traditionally  organized  and 
managed  as  a  strict  hierarchy. 

•  Frequent  rotations  and  moves  of  officers 
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Challenges  of  Implementing  LSS  in  Military 


•  Incentive  systems 

-  Huge  (potential)  cost  savings  (avoidance)  from  LSS  projects  within 
DoD  have  been  reported.  The  boss  may  have  hard  times  explaining 
“What  is  for  me?” 


-  Your  savings  could  potentially  subsidize  someone  else’s  poor 
performance. 


•  In  the  military  the  employees  may  enthusiastically  embrace  LSS 
initially,  but  it  is  difficult  to  maintain  that  enthusiasm  in  the  long 
run  w/o  proper  incentive  systems. 


•  Since  monetary  incentives  are  difficulty  to  implement  in  the 
military,  career  enhancement  or  better  promotion  opportunities 
must  be  investigated. 
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Challenges  of  Implementing  LSS  in  Military 


•  LSS  methodologies  were  originally  designed  for 
manufacturing  assembly  systems  where  the 
demands  are  known  or  predetermined. 


•  As  you  move  closer  to  a  foxhole  from  a  factory,  the 
overall  magnitude  of  uncertainty  in  demand  and 
supply  increases  significantly.  (It  is  also  true  in  the 
commercial  sector:  remember  the  DaimlerChrysler 
example?) 


Military  planners  must  selectively  implement  LSS  in 
different  parts  of  the  military  in  different  ways. 
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Challenges  of  Implementing  LSS  in  Military 


•  Supply  officers  are  encouraged  to  apply  lean  and  JIT 
concepts  to  reduce  inventory,  but  the  system 
discourages  them  to  implement  lean/JIT  (asymmetric 
reward  system  and  risk  aversion). 

•  “Lean”  itself  is  not  always  desirable  in  military 
operations  due  to  built-in  variability.  Yet  the  lean 
(removing  wastes  and  non-value  added  activities) 
concepts  help  improve  readiness  and  reduce  cost. 


Acquisition  Research  Pn.jgr.mi:  Creating  Synergy  for  Informed  Change 


\:umI  I’raifcrjdfiple  SUkmjI 
Mtinlcrcy, 


Challenges  of  Implementing  LSS  in  Military 


•  The  benefits  of  reduced  lifecycle  costs  and 
improved  readiness  from  LSS  implantations 
are  too  great. 
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I  mplementation  Guidelines 


•  Active  support  of  senior  leaders  is  a  must  for  a  successful 
implementation  of  Lean  Six  Sigma 

-  The  need  for  change  must  be  clearly  articulated. 

-  Commit  to  the  change— make  it  last  through  leadership 
turnover. 

-  Change  and  accountability  should  be  driven  from  the  top. 

-  Actions  speak  louder  than  words  -  participate  in  the  effort. 


I  mplementation  Guidelines 


•  Initial  successes  are  critically  important  in  launching  Lean 
Six  Sigma 

-  Carefully  choose  initial  projects. 

-  Assign  high-potential  employees  to  those  projects. 

-  Provide  financial  and  personnel  resources  to  ensure 
success. 

-  Initial  successes  turn  the  skeptics  into  believers. 
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I  mplementation  Guidelines 


•  Emphasize  continuing  education  and  training 

-  Include  Lean  Six  Sigma  Training  in  Leadership  Development 
Programs 

-  Senior  organization  leaders  must  be  trained  and  engaged  in 
project  selection  and  monitoring  of  results 

-  Deploy  1%  of  workforce  as  full-time  Black  Belt  plus  Green 
Belts,  Champions,  etc. 

-  Black  Belts  should  be  selected  from  "future  leaders  of  the 
organization" 

-  Create  Master  Black  Belts  to  take  over  training  at  all  levels 
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I  mplementation  Guidelines 


•  Monitor  the  Lean  Six  Sigma  projects 


-  Assign  concrete  goals  to  project  leaders  and  hold  the 
accountable  for  project  results. 

-  Provide  stable  funding  to  ensure  long-term  success. 

-  Demand  validated  return  on  investment;  Keep  score  in 
public. 

-  Promote  a  philosophy  that  it  is  OK  to  save  a  dollar  and  give  it 
up— it's  not  your  money. 


-  Middle  management  is  likely  to  provide  the  most  resistance 
—  actively  manage  their  participation  (increase  the  ratio 
between  those  that  get  it  and  those  that  don't). 

•  Comments:  Experience  from  an  LSS  seminar 
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NPS  Initiatives 


•  Green  belt  educational  requirements 
certificates 

•  LSS  applications  to  health  care  systems 

-  16%  of  US  GDP  is  being  spent  on  health  care 
systems  (while  3%  of  GDP  on  defense) 

-  Health  care  is  one  of  the  least  efficient  sectors  in 
the  US  economy 
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